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Description 

[0001] This invention relates to dispersion slope compensation in optical transmission systems and more particularly 
to compensation in wavelength division multiplex systems (WDM) having one or more branches. 

s [0002] In a conventional WDM transmission system such as is shown in Figure 1 a transmitter 10 is arranged to 
provide on the trunk fibre 12 different traffic signals each on a different wavelength which wavelength is intended for 
receipt by a specific receiver which may be located at the end of a branch from the trunk. Such systems normally 
employ optical amplifiers/repeaters 14 at spaced locations along the trunk to compensate for signal attenuation with 
distance along the trunk. Such systems employ dispersion shifted optical fibre (DSF) with the channels located in the 

10 negative dispersion regime (with the channel wavelengths shorter than the wavelength of minimum dispersion, of 
the fibre). One method, known to us, of compensating for dispersion occurring on the trunk is for the net dispersion to 
be periodically equalised using non-dispersion shifted fibre (NDSF) 1 6 with a ^ of around 1 300 nm (positive dispersion 
regime). The system can only be equalised to a net dispersion zero at one particular wavelength, without splitting the 
channels and individually equalising them (very complicated). Consequently the other channels will accumulate addi- 

15 tional dispersion depending upon the wavelength offset from the net Iq and the dispersion slope of the transmission 
fibre. This differential dispersion is not reset by the equalisation procedure. The effect of dispersion on the longest and 
shortest wavelengths at two locations along the trunk are illustrated by Figures 1a and 1 b whilst the effect of compen- 
sation is illustrated by Figure 1c. 

[0003] United States of America Patent Number 5224183 describes a WDM signal compensation system in which 
20 dispersion is under compensated and the remaining compensation is carried out via separate means per channel either 
at the transmitter or receiver end. This adds considerably to the complexity of the system. 

[0004] This invention seeks to provide a compensation system and method which provides improved compensation 
in a simple manner. 

[0005] According to one aspect of the invention there is provided a WDM optical transmission system having an 
25 optical fibre trunk with one or more branching units characterised in the provision of an add/drop channel, having means 
for pre-dispersing the wavelength of the add channel with a dispersion characteristic of opposite sign to the dispersion 
characteristic . which occurs in the trunk. By employing a dispersion characteristic of opposite sign to the dispersion 
occurring in the trunk, 1 compensation for dispersion of that wavelength occurring along the trunk is achieved. ; '„ 
[0006] There may be provided in the branch drop channel means for dispersing the drop wavelength with a dispersion 
30 characteristic of opposite sign to dispersion of that wavelength occurring in the trunk. 

[0007] One possible implementation of the system is that the means for pre-dispersing the wavelength of the add 
channel, or the add and drop channels, is the add fibre, or add and drop fibre itself, which is/are chosen to have a 
required dispersion characteristic. 

[0008] In an alternative implementation of the system the means for dispersing the wavelength of the add channel, 
35 or add and drop channel comprises a dispersion compensation fibre element of opposite dispersion characteristic 
coupled in line in the add channel fibre or a compensation fibre element in each of the add and drop channel fibres. 
[0009] In yet another alternative implementation of the system the means for pre-dispersing the wavelength of the 
a dd channel comp ri s e a r^ rn n n fihrfl p a th whirh provides hi-d i re ct i nna l compensation The fibre of the common 
fibre path may itself be chosen to have the required dispersion characteristic to compensate for dispersion of the 
40 wavelength of the add channel in the trunk or the fibre of the common fibre path may include a dispersbn compensation 
element of opposite dispersion characteristic coupled in line in the common fibre to compensate for dispersion of the 
wavelength of the add channel in the trunk. The common fibre path may be coupled with the drop and add channels 
via a three port circulator. The common fibre path may be coupled with a transmitter and a receiver of a branch terminal 
via a three port circulator. 

45 [0010] The system may include a chromatic dispersion compensator provided in the trunk prior to the branching unit 
and the dispersbn compensator may be arranged to compensate the intermediate channel wavelength with the drop 
channel wavelength being chosen to be an upper or lower wavelength. 

[0011] According to another aspect of the invention there is provided a method of compensating for dispersion oc- 
curring in the trunk of a WDM optical transmission system comprising the step of applying to a wavelength to be added 
50 to the trunk from a branch a dispersion of opposite sign to the dispersion of that wavelength occurring on the trunk. 
[0012] In order that the invention and its various other preferred features may be understood more easily, some 
embodiments thereof will now be described, by way of example only, with reference to the drawings, in which: - 

Figure 1 illustrates dispersion compensation in the trunk by a method known to us and previously described, 
55 Figure 2 illustrates dispersement compensation in a branch in accordance with the invention, 

Figure 3 illustrates one compensation arrangement in accordance with the invention, 
Figure 4 illustrates an alternative compensation arrangement in accordance with the invention, 
Figure 5 illustrates yet another alternative compensation arrangement in accordance with the invention. 
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[0013] The same reference numerals will be employed for similar components throughout the description. 
[0014] Referring now to Figure 2 there is shown schematically a WDM system similar to that illustrated in Figure 1 
and having optional NDSF 16. The Figure shows a branching unit 18 in the form of a wavelength add/drop multiplexer 
(W-ADM) which is arranged to route a signal carried by a specific wavelength from the trunk onto a drop fibre 20 for 

5 onward transmission by a receiver at the end of the branch and to introduce to the trunk a signal carried by the same 
or a different wavelength from a transmitter at the end of the branch which signal wavelength is provided on the add 
fibre 22. For such branched WDM systems that include wavelength multiplex branching units along the trunk (main) 
cable, the present invention provides means to independently equalise the wavelength channel that is add/dropped at 
the branching units. Figure 2 illustrates the principle and Figures 2a, 2b, 2c show chromatic dispersion that occurs in 

io the trunk and in the drop and add fibres respectively whilst Figure 2d illustrates the compensation which has been 
introduced in the drop/add channel. To facilitate understanding, a special case is shown where the channels have been 
equalised immediately before the branching unit 18. The compensation introduced is arranged so that the differential 
dispersion which occurs at the end of the system is minimised. The branch wavelength channels that are dropped are 
preferably from the edge of the spectrum, on both the long and short wavelength ends. This is useful to reduce the 

is total amount of system pre-emphasis (if used) as these channels are further from the gain peak of the amplifiers and 
so by travelling a shorter distance, the required channel power is reduced. If the system is equalised for the centre of 
the gain spectrum (middle channels) then the other channels are the ones which suffer the maximum differential dis- 
persion. Consequently, if we pre-disperse the channel when it is in the spur (when it is just a single wavelength rather 
than part of a multiplex) we can tailor the differential dispersion to any value we like at the end of the system. 

20 [0015] The channels undergo differential dispersion, as before, in the first part of the system and are equalised, on 
the centre wavelength, just before the branching unit. As a result the dispersion is centred around zero but shows the 
same accumulated differential dispersion as before. The shortest wavelength channel, in this case, is dropped out of 
the spectrum in the trunk and detected in the spur. The add channel, at the same wavelength as the drop, is predispersed 
such that the cumulative dispersion at the output of the branching unit 1 8 (for the add channel) is the same magnitude 

25 but opposite sign of dispersion when compared to the drop channel immediately before the branching unit 18. After 
transmission through an equal length of line (with the same dispersion characteristic) the shortest wavelength channel 
■ is now dispersed the same amount as the centre channel and so will be perfectly compensated .at the receiver. This 
:. is best illustrated by looking at some example numbers. If we assume the wave lengths are, 

30 Xq= 1554 nm (shortest wavelength) 

v ••' Xq± 1558 nm (centre wavelength) 
= 1554 nm (longest wavelength) 
Ao = 1562 nm (wavelength of dispersion zero of transmission fibre) 
slope = 0.07 ps/nm 2 .km 

35 

and we have a system of 2000 km, with a branching unit in the middle of the system, which add/drops the shortest 
wavelength and dispersion compensation (at the centre wavelength) immediately before the branching unit 18. If we 
— al so assume that the d i s persi on of the s pur is n e glig i bl e wh e n compared to th e trunk fibre w o can th e n compare th e 
case with and without spur equalisation. 

40 

Table 1 - 



Dispersion (no spur equalisation) in ps/nm 


Dispersion of 


Start of 
system 


Before W- 
ADM (no 
Eq"-) 


Before W- 
ADM (with 
Eq n .) 


After W-ADM 


End of 
system (no 
Eq n .) 


End of system 
(with Eq n .) 




0 


-1260 


+280 


+280 


-980 


+560 




0 


-1540 


0 


0 


-1540 


0 


*s 


0 


-1820 


-280 


0 


-1820 


-280 


Differential 
dispersion 


0 


560 


560 


280 


840 


840 



[0016] As can be seen this is preferable to the case with no add/drop as the add channel is reentered with zero 
dispersion, so reducing the differential dispersion. It should be noted however, that if the equalisation does not take 
place immediately before the branching unit, this can also make things very much worse. If we pre-disperse the add 
channel to have the same magnitude, but the opposite sign then we have, 
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Table 2 - 



Dispersion (with spur equalisation) in ps/nm 


Dispersion of 


oian oi 
system 


DQJOl © VV- 

ADM (no 
Eq".) 


Rafnro VAY- 
DalUlo V V 

ADM (with 
Eq») 


AftAr W-ADM 

/Allot » v rAL>lvl 


End of 
system (no 
Eq".) 


Fnd of svstem 
(with Eq n .) 


*L 


0 


-1260 


+280 


+280 


-980 


+560 


*C 


0 


-1540 


0 


0 


-1540 


0 


*S 


0 


-1820 


-280 


+280 


-1540 


0 


Differential 
dispersion 


0 


560 


560 


280 


560 


560 



10 



15 



20 



25 



30 



35 



40 



45 



In a system with more than one W-ADM, we would then add/drop the longest wavelength channel and repeat the 
procedure to minimise the differential dispersion. 

[0017] There are a number of ways in which compensating dispersion can be introduced in the spur branch and 
some possible arrangements will now be described with reference to Figures 3 to 5 which show part of the system of 
Figure 2 with detail of the spur branch. 

[0018] In Figure 3 a spur branch terminal has a transmitter 24 and a receiver 26 with a coupler 28 which in the 
illustration is shown as a three port circulator. The terminal is coupled via a fibre 29 incorporating a dispersion com- 
pensating fibre element 30 (of positive or negative dispersion as necessary) to the drop and add lines 20, 22 via a 
coupler 32 which in the illustration is shown as a three port coupler. The compensating fibre element is used bi-direc- 
tionally so the same compensation is given to the add channel as to the drop. This technique produces a compensated 
channel at the receiver in the spur. This system works best with dispersion compensation immediately before the 
branching unit 18. Instead of using a compensating fibre element the fibre 29 between the couplers 28 & 32 may be , 
chosen to have dispersion characteristics which compensate directly. 

[0019] Figure 4 uses two dispersion compensating fibres 34, 36 one in the receive (drop) fibre 20 and one in the 
transmit (add) fibre 22. This allows different compensation in the drop path than in the add path if required. Note that; 
this (or Figure 1) could be used to compensate for any dispersion in the spur fibre (e.g. if NDSF was used) if desired: 
[0020] Figure 5 employs spur add and/or drop fibres 22, 20 which are chosen to have a dispersion characteristic 
which compensates directly. 

[0021] This may be undesirable for other transmission reasons, but is still possible. 

[0022] The schemes described so far assume that there has been equalisation immediately before the branching 
unit 18. Whilst this is probably the easiest to understand, by using arbitrary dispersion at the transmit spur (add) we 
can set the characteristic independent of where the equalisation is performed. This is demonstrated in the table below 
which uses the same example system, but with the trunk dispersion equalisation immediately after the W-ADM, to 
show that this system is not dependant upon the equalisation before the W-ADM. 

Table 3 - 



Arbitrary dispersion compensation (dispersion in ps/nm) 


Dispersion of 


Start of 
system 


Before W- 
ADM (no 
Eq".) 


After W-ADM 
(no Eq n .) 


After W-ADM 
(with Eq n .) 


End of system 
(no Eq n .) 


End of 
system (with 
Eq"-) 


K 


0 


-1260 


-1260 


+280 


-980 


+560 




0 


-1540 


-1540 


0 


-1540 


0 


*s 


0 


-1820 


-1260* 


+280 


-1540 


0 


Differential 
dispersion 


0 


560 


280 


280 


560 


560 



SO 



• Add channel dispersed by -1260 ps/nm after modulation. 



55 



[0023] So with arbitrary equalisation at the spur, we can achieve the same improvement in the differential dispersion 
of the channels. 
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Summary 

[0024] A simple scheme using pre-dispersion is proposed for WDM systems where the maximum differential disper- 
sion is controlled. This may be of particular importance for high bit rate systems where the limitations of chromatic 
5 dispersion are more important due to the smaller pulse widths, but finite dispersion is required to control nonlinear 
effects, in particular four wave mixing. 



Claims 

1 . A WDM optical transmission system having an optical fibre trunk (1 2) with one or more branching units (1 8) char- 
acterised in the provision of an add/drop channel (22, 20), having means (30,36,22) for pre-dispersing the wave- 
length of the add channel (22) with a dispersion characteristic of opposite sign to the dispersion characteristic 
which occurs in the trunk. 

15 

2. A system as claimed in claim 1 , characterised in the provision of means (34,20) in the drop channel (20) for dis- 
persing the drop wavelength with a dispersion characteristic of opposite sign to dispersion characteristic which 
occurs in the trunk. 

20 3. a system as claimed in claim 1 or 2, characterised in that the means for dispersing the wavelength of the add 
channel, or the add and drop channels, is the add fibre (22), or add and drop fibre (22,20) itself. 

4. A system as claimed in claim 1 or 2, characterised in that the means for dispersing the wavelength of the add 
channel (22), or add and drop channel (22,20) comprises a dispersion compensation fibre element (36) of said 

25 opposite dispersion characteristic coupled in line in the add channel fibre (22) or a compensation fibre element 

(36,34) in each of the add and drop channel fibres (22,20). 

5. A system as claimed in claim 1 or 2, characterised in that the means for pre-dispersing the wavelength of the add 
channel comprises a common fibre path (29) which provides bi-directional compensation. 

30 

6. A system as claimed in claim 5, characterised in that the* fibre of the common fibre path (29) is chosen to have the 
required dispersion characteristic to compensate for dispersion of the wavelength of the add channel in the trunk. 

7. A system as claimed in claim 5, characterised in that the fibre of the common fibre path (29) includes a dispersion 
35 compensation element (30) of said opposite dispersion characteristic coupled in line in the common fibre. 

8. A system as claimed in any one of claims 5 to 7, characterised in that the common fibre path (29) is coupled with 
the drop and add channels (22, 20) via a three port circulator (32). 

to 9. A system as claimed in any one of claims 5 to 8, characterised in that the common fibre path (29) is coupled with 
a transmitter (26) and a receiver (24) of a branch terminal via a three port circulator (28). 

10. A system as claimed in any one of the preceding claims, characterised in that a chromatic dispersion compensator 
(16) is provided in the trunk (12) prior to the branching unit (18). 

45 

1 1 . A system as claimed in claim 1 0, characterised in that the dispersion compensator (1 6) is arranged to compensate 
the intermediate channel wavelength and the drop channel wavelength is arranged to be an upper or lower wave- 
length. 

50 1 2. A method of compensating for dispersion occu rring in the trunk of a WDM optical transmission system characterised 
in the step of applying to a wavelength to be added to the trunk from a branch a dispersion of opposite sign to the 
dispersion of that wavelength occurring on the trunk. 



Patentanspruche 

1 . Optisches WDM-Ubertragungssystem mit einer optischen Faserubertragungsleitung (1 2) mit einer oder mehr Ab- 
zweigeinheiten (18), gekennzeichnet durch die Bereitstellung eines Add-/Drop-Channels (22, 20) mit Mitteln (30, 
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36, 22) um die Welleniange des Add-Channels (22) vorab zu zertreuen, mit einer Dispersionscharakteristik mit 
entgegengesetztem Vorzeichen zur Dispersionscharakteristik, welche in der Verbindungsleitung auttritt. 

2. System nach Anspruch 1 , gekennzeichnet durch die Bereitstellung von Mitteln (34, 20) im Drop-Channel (20), um 
s die Drop-Wellenlange mit einer Dispersionscharakteristik mit entgegengesetztem Vorzeichen zur Dispersionscha- 
rakteristik, welche in der Verbindungsleitung auttritt, zu zerstreuen. 

3. System nach Anspruch t oder Anspruch 2, dadurch gekennzeichnet, daG das Mittel zum Zerstreuen der Wellen- 
iange des Add-Channel oder der Add- und Drop-Channels die Add-Faser (22) oder Add- und Drop-Faser selbst ist. 

w 

4. System nach Anspruch 1 oder Anspruch 2, dadurch gekennzeichnet, daG das Mittel zum Zerstreuen der Wellen- 
iange des Add-Channels (22) oder Add- und Drop-Channels (22, 20) ein Faserelement (36) zur Dispersionskom- 
pensation mit der besagten Dispersionscharakteristik umfaGt, das in Reihe in der Add-Channel-Faser (22) gekop- 
pelt ist, oder ein Faserelement (36, 34) zur Kompensation in jeder der Add- und Drop-Channel-Fasem (22, 20). 

is 

5. System nach Anspruch 1 oder Anspruch 2, dadurch gekennzeichnet, daG das Mittel zum vbrabzerstreuen der 
Welleniange des Add-Channels ein gemeinsames Faserband (29) umfaGt, das eine bidirektionale Kompensation 
bietet. 

20 s. System nach Anspruch 1 oder Anspruch 2, dadurch gekennzeichnet, daG die Faser des gemeinsamen Faserban- 
des (29) gewahlt ist, die benotigte Dispersionscharakteristik zu haben, um die Dispersion der Welleniange des 
Add-Channels in der Verbindungsleitung zu kompensieren. 

7. System nach Anspruch 5, dadurch gekennzeichnet, daG die Faser des gemeinsamen Faserbandes (29) ein Di- 
ss spersionskompensationselement umfaGt, mit der besagten entgegengesetzten Dispersionscharakteristik gekop- 

pelt in Reihe in der gemeinsamen Faser. 

8. System nach einem der AnsprOche 5 bis 7, dadurch gekennzeichnet, daG das gemeinsame Faserband (29) mit 
dem Drop- und Add-Channel (22, 20) uber einen Zirkulator (32) mit drei Anschlussen gekoppeft ist. 

30 

9. System nach einem der AnsprOche 5 bis 8, dadurch gekennzeichnet, daG das gemeinsame Faserband (29) uber; 
einen Zirkulator (28) mit drei Anschlussen mit einem Sender (26) und einem Empfanger (24) eines AbschluGlei- 
tungsanschlusses gekoppelt ist. 

35 10. System nach einem der voranstehenden AnsprOche, dadurch gekennzeichnet, daG ein chromatischer Dispersi- 
onskompensator (16) in der Verbindungsleitung (12) vor der Abzweigeinheit (18) vorgesehen ist. 

11. System nach Anspruch 10. dadurch gekennzeichnet. daG ein Dispersionskompensator (16) anqeordnet ist um 
die dazwischenliegende Kanalwellenlange zu kompensieren und die Drop-Channel-Wellenlange arrangiert ist, 

40 eine obere oder untere Welleniange zu sein. 

12. Verfahren zur Kompensation der Dispersion, welche in der Verbindungsleitung eines optischen WDM-Obertra- 
gungssystems auttritt, gekennzeichnet durch den Schritt, bei dem einer Welleniange, welche von einem Abzweig 
der Verbindungsleitung zugef uhrt wird, eine Dispersion mit entgegengesetztem Vorzeichen zu der Dispersion der 

45 Welleniange, die in der Verbindungsleitung auttritt, auferlegt wird. 



Revendications 

so 1 . Systeme de transmission optique MRL ayant un joncteur de fibres optiques (1 2) avec une ou plusieurs unites de 
derivation (18), caracterisS en ce qu'il est fourni un canal d'insertion-extraction (22, 20), ayant des moyens (30, 
36, 22) pour pre-disperser la longueur d'onde du canal d'insertion (22) avec une caractSristique de dispersion de 
signe oppose par rapport a la caract6ristique de dispersion qui se produit dans le joncteur. 

55 2. Systeme selon la revendication 1 , caracterisS en ce qu'il est fourni des moyens (34, 20) dans le canal d'extraction 
(20) pour disperser la longueur d'onde extraite avec une caracteristique de dispersion de signe oppos6 par rapport 
a la caracteristique de dispersion qui se produit dans le joncteur. 
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3. Systems selon la revendication 1 ou 2, caract6ris6 en ce que les moyens pour disperser la longueur d'onde d 
canal d'insertion, ou des canaux d'insertion et d'extraction, sont fa fibre d'insertion (22) ou la fibre d'insertion et 
d'extraction (22, 20) proprement dite. 

s 4. Systeme selon la revendication 1 ou 2, caracterise en ce que les moyens pour disperser la longueur d'onde du 
canal d'insertion (22), ou du canal d'insertion et d'extraction (22, 20) comprennent un Element de fibre, compen- 
sates de dispersion (36), de ladite caracteristique de dispersion opposes, couple" en ligne avec la fibre du canal 
d'insertion (22) ou un Element de fibre compensateur (36, 34) dans chacune des fibres de canaux d'insertion et 
d'extraction (22, 20). 

10 

5. Systeme selon la revendication 1 ou 2, caract6ris6 en ce que les moyens pour pr6-disperser la longueur d'onde 
du canal d'insertion comprennent un chemin de fibre commun (29) qui foumit une compensation bidirectionnelle. 

6. Systeme selon la revendication 5, caract6ris6 en ce que la fibre du chemin de fibre commun (29) est choisie pour . 
avoir la caracteristique de dispersion necessaire pour compenser la dispersion de la longueur d'onde du canal 
d'insertion dans le joncteur. 

7. Systeme selon la revendication 5, caracterise en ce que la fibre du chemin de fibre commune (29) comprend un 
element compensateur de dispersion (30) de ladite caracteristique de dispersion opposed couple en ligne dans 

20 la fibre commune. 

8. Systeme selon Tune quelconque des revendications 5 & 7, caracterise en ce que le chemine de fibre commune 
(29) est couple aux canaux d'insertion et d'extraction (22, 20) par I'interm6diaire d'un circulates & trois voies (32). 

2S 9. Systeme selon Tune quelconque des revendications 5 & 8, caracterise en ce que le chemin de fibre commune (29) 
est couple h un emetteur (26) et k un recepteur (24) d'un terminal de derivation par un circulateur a trois voies (28). 

10. Systeme selon Tune quelconque des revendications prScedentes, caracterise en ce qu'un compensateur de dis- 
persion chromatique (16) est dispose dans le joncteur (12) avant I'unite de derivation (1 8). . 

30 

11. Systeme selon la revendication 10, caracterise en ce que le compensateur de dispersion (16) est agence pour 
compenser la longueur d'onde du canal intermediate et la longueur d'onde du canal d'extraction est concue pour 
etre une longueur d'onde supdrieure ou tnferieure. 

35 12. Proced§ de compensation de la dispersion se produisant dans le joncteur d'un systeme de transmission optique 
MRL, caracterise par I'etape consistant & appliquer une longueur d'onde devant §tre ajoutee au joncteur depuis 
une derivation, une dispersion de signe oppose par rapport & la dispersion de cette longueur d'onde se produisant 

dans le joncteur. 
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